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Introduction WARWICK

m In the quark model we think of hadrons as ¢q or gqq
m But there is nothing preventing other combinations

Volume 8, number 3 PHYSICS LETTERS 1 February 1964

A SCHEMATIC MODEL OF BARYONS AND MESONS *

M. GELL- MANN
California Institute of Technology, Pasadena, California

We then refer to the members u%, d'%, and s-7 of
the triplet as ""quarks" 6) q and the members of the
anti-triplet as anti-quarks q. Baryons can now be
constructed from quarks by using the combinations
(dqaq), (@qgqaqd)] etc., while mesons are made out
of (qq), (@qaqdq),| etc. It is assuming that the lowest

— Where are all those combinations with more than 3 quarks or
anti-quarks?

2 28 October 2014 Michal Kreps — Exotic meson spectroscopy at LHCb



THE UNIVERSITY OF

Introduction - molecules WARWICK

m There are lot of objects composed of baryons
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Introduction - molecules WARWICK

6B OB .. 128 | 138 | 14B
SBe . SBe - 11Be | 12Be | 13Be
3L | 4l | SLi .- 8L oL 111 | 121

4He SHe SHe 7He SHe SHe | 10He

4H SH 6H 7H

Neutron

m [here are lot of objects composed of baryons
m Where are similar objects from mesons?
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Scalar mesons WARWICK

NOTE ON SCALAR MESONS BELOW 2 GEV

Revised September 2013 by C. Amsler (Univ of Bern), S. Ei-
delman (Budker Institute of Nuclear Physics, Novosibirsk), T.
Gutsche (University of Tiibingen), C. Hanhart (Forschungszen-
trum Jiilich), S. Spanier (University of Tennessee), and N.A.
Tornqvist (University of Helsinki).

V. Interpretation of the scalars below 1 GeV: In the

literature, many suggestions are discussed, such as conventional

gq mesons, qqqq or meson-meson bound states. In addition one

expects a scalar glueball in this mass range. In reality, there can

be superpositions of these components, and one often depends

on models to determine the dominant one. Although we have

9Add A9 ddy woi4

seen progress in recent years, this question remains open. Here,
we mention some of the present conclusions.

The fp(980) and ag(980) are often interpreted as multiquark
states [140-144] or KK bound states [145]. The insight into

m Candidates beyond ¢qg mesons exist, but real trouble is how to
decide whether they are qg or something else
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Charmonium WARWICK

m Back in 2003, many expected arXiv:1403.1254

states still missing s,y @0y
4.4 |- [no@isy) |2 =0
m Belle started to search for them L] PP
: Xo1(39P1)
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What is X(3872)? WARWICK

INSPIRE @ |[esssss

:: HepNAmES :: INSTITUTIONS :: CONFE

find t X(3872) and ps p I
find | "Phys.Rev.Lett. . 105*" :: more

Sort by: Display results:

| latest first $| desc. || -orrankby- & | | 25results & || single list

HEP  [143]ecords found 1-25P M jump to record: 1

m Lot has been done for X (3872)
m Despite all effort during 10 years, our understanding of what

X (3872) is still about same
m To find convincing case of non-conventional meson is hard
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TO0CIT ‘6. Add
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Babar f:U I y .' .- .q' .. '.. ...I.
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m Data consistent &
o
a Charged state

— Cannot be cc 4.8

m Latest Belle result uses 4D

analysis
m Is it real and if yes, is it resonance?
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m Latest Belle result uses 4D

analysis
m Is it real and if yes, is it resonance?

28 October 2014

Michal Kreps — Exotic meson spectroscopy at LHCb


http://dx.doi.org/10.1103/PhysRevLett.100.142001
http://dx.doi.org/10.1103/PhysRevD.79.112001

THE UNIVERSITY OF

Issue of reflections WARWICK

m Look to bit simpler system of D* — Kgm™n~ (only 2D rather

than 4D system)
® Inspecting 77~ invariant mass, is there state around 1.8 GeV?
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Issue of reflections WARWICK
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LHCb detector WARWICK

m Good mass resolution

a Good time resolution

m High trigger rate on c
and b

a Uniform running
conditions
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LHCb detector WARWICK

m Good mass resolution

a Good time resolution

m High trigger rate on c
and b

a Uniform running
conditions
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Data sample WARWICK

m Use BY — ¢(25)Kr decays

m Large statistics (> 25k), about 10 times what B-factories had

m Very clean signal, background 4% of events (about 8% at
B-factories)

m Perform both model-independent analysis (BABAR) and amplitude

fit (Belle)

Only 2 out of 4 dimensions

k k
. K*(892) K*(1430)
r— T T T T T T T T T T T T T T T T T
E Ql |
o T 2 . - o 107 O
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Amplitude analysis WARWICK

Y,

a Full 4D amplitude analysis Rotation between
a Amplitude helicity f%es
2

IMPP=D "D N A (Qmoe Tor) + Azxz(Q%moz, Toz)ene

A | Ay K A7

m Mass described by relativistic Breit-Wigner
m Angular part using helicity formalism
m Imposes model how invariant mass distribution should look like
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Amplitude analysis WARWICK

2

AN,

IMPP =D A (Qmor. Tor) + Y Azxz (%|moz, Doz)e' ™
)\w k )\i

LB D Lgr
R(m|mg, Tg)FL= (—R> Z(9)

e
Blatt- Welsskopf form factor \ Angular distribution (Helicity)

Orbital momentum part
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1
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Model independent method WARWICK

m [ry to build up model
which has proper
behaviour for K
resonances
But avoid imposing
assumptions on the
shape of m(Kmw) for
resonances
Construct Dalitz plot for

pure Km activity and
m lest whether contributions in K project on (2S5 axis

system can describe data
@ Do not impose specific model for a See whether model and

Fresonances data agree
— Model independent test
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Model independent method WARWICK

PRD 79, 112001

N L L L [ T ] . .
S e ]l O sesy® m Look to cos(fx) in bins
= P ' of K mass
Eﬁ T 1 a Allows to find out which
R Y 1ol spins contribute
1006 1 1

5 () <F>1 A — P(cos Og;
c\bzooc':::l::::I::::}:'-40C_---'n-nnnnnnn-n ZEZ ( Z)
S r ] 1
= | soq- .
S ood. {L 11 #ﬁ : m Take only moments
| ﬁ | corresponding to J < 2
v sy

- tﬂ"‘l"-

m Construct Dalitz plot

and project on ¥ (25)w
axis
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Why Legendre moments? WARWICK

2
(PYy = SoPycos(ds, — 0p,) + 2\/;P0D0 cos(dp, — 0p,)

6
+ \/%[PHDH cos(d0p,, —0p,,) +P_1D_qcos(dp_, —Op_,)]

<P2U> — \/7P2 D2 —l—\/_S()DO COS(5SO — 5D0)

_ <\/E(P_2H+P2) 5\2/8_( +D21)>

<P§]> — \/ PODO cos(dp, — 0p,) — 3\/ (P+1D+1 cos(ép,;, —0p,,)
+ 1D 1cos5p1— D_1))
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Why Legendre moments? WARWICK

2
<P1U> = SoPycos(ds, — dp,) + 2\/;P0D0 cos(dp, — 0p,)
6
—+ g[P—i-lD—i-l COS(@D_H — 5D+1) + P 1D_4 COS(5P_1 — 5D_1)]
2 v/ 10
<P2U> — gPOZ + TD% + /280D cos(ds, — 0p,)

1 5v/10
_ <ﬁ (P{,+P2)) + 5 (D3, + D21)>

m Allows to cut expansion in physically meaningful way
m If we cut expansion, we select maximal spin which can contribute
m You might wonder why this is important
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Events
N
N

1 I I I I 1I.5 ]
M(KT) [GeV]

m Example of B — Z*(— ¢/'nt) K~

m Such contribution reflect to whole
KT mass range

m Helicity angle distribution peaking

— Moments will receive contributions
from reflection

Michal Kreps — Exotic meson spectroscopy at LHCb



Y7 reflection
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15

M(K ) [GeV]
m Reflections make model independent method hard for measurement
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O
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o
o
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m Clearly, pure kaon resonances cannot explain M (¢)(2S)m) spectrum
m Understanding details difficult

® Resonances in ¢(25)m will contribute to Km and its moments
m Any fit to ¥(25)m on top of reflections neglects interference
between two axes
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Only K* resonances
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Dalitz plot slices WARWICK
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% 1004
§ § M(Z) 4475 + 7152 MeV
= € sof INVA) 172 + 13+ MeV

S | 1 5
- fz 5.0+ 09713 9
=8 | f 167i16+26‘7
— I P e SOBBEE S T . . o
g T = = s : Significance >~ 13.90

Mg [GeV7]

m Data are described well with 11t Z(4430)" contribution
(x* p-value 12%)

m Parameters extracted consistent with Belle

m Large interference effects seen

m Adding additional K™ resonances to model does not alter

conclusion
r, L Az(Q)d0 o1 g L Anez(d0
27 TA(Q)dQ z [ A(Q)dQ
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7,(4430)" spin WARWICK
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A(2InL)
m As we use full kinematic information, we have sensitivity to quantum
numbers

m [est spins 0,1 and 2 with both parities

m Based on likelihood ratio

® Quote exclusion based on asymptotic formula (lower bound)
m Verified by simulation

a All rejections relative to 17

m 7 (4430)" is 11 state without any doubts
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Is Z(4430)" resonance? WARWICK

g180 5 16 1

§140 ( 12 °°°°°°°°° m2R — m2 — ZmRF<m, FR)

<§100 :' g 8 _ _

fw £9 m Data are consistent with BW for
2 \ / 7(4430)*

’ a But will they follow if BW is not

96 33 a0 4.2 44 46 48 50 28 =6 -4 —2 0 2 4 6 8

(cey] wetame) iImposed?

w Change BW in Z(4430)"
amplitude to 6 complex numbers
in 6 M (y(25)m) bins

m Plot resulting amplitude on
Argand plot
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Is Z(4430)" resonance? WARWICK
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’ a But will they follow if BW is not
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m Change BW in Z(4430)"

§ amplitude to 6 complex numbers
N | in 6 M (¢(25)7) bins |

-~ : m Plot resulting amplitude on
& Argand plot

S = |t shows resonance behaviour
- without imposing it
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Second Z™ state WARWICK

>
g
S, M(Zy) 4239 + 18745 MeV
N ['(Zy) 220 = 47+108 MeV
3 g 2 16i05+19°/
& § 1001 1z 2.4 + 1.1:1)_; %
—~ i Significance 6o
_| »
o 0
ol

m Data can be described even better by adding second (2S5) state
a On its own, it is significant
m Preferred 0~ (but 660 + 150 MeV wide 17 option cannot be ruled out)

m Argand diagram is inconclusive
m No evidence in model-independent approach
a Will need more data to clarify situation
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Second Z™ state WARWICK
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m Data can be described even better by adding second (2S5) state
a On its own, it is significant
m Preferred 0~ (but 660 + 150 MeV wide 17 option cannot be ruled out)

m Argand diagram is inconclusive
m No evidence in model-independent approach
a Will need more data to clarify situation
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Excitement?

THE UNIVERSITY OF

WARWICK

LHCb confirms eXIstence of exotlc How CERN’
« hadrons
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s Discovery of Exotic Particles May Affect
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Nowa forma materii: potwierdzono istnienie
egzotycznych hadronow

TO TRZECI RODZAJ HADRONOW, DOTYCHCZAS WYROZNIANO BARIONY | MEZONY

g v nnen on | | QKCNEpUMeHT LHCb okoH4aTenbHo gokasan
peanbHOCTb 3K30TUYECKoro Me3oHa Z(4430)
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|0bjaVI|I c¢udnu casticu, urychlovac ju potvrdil

LHCb kinnitas tetrakvargi olemasolu Munakin Tetraquark

LHC Beauty Tangkap Z (4430)

Mystisk partikel udfordrer fysikernes kvarkmodel

Cac nha nghlen cwu tai LHC xac nhan sw tc[:p tai cua hat

Exotisches Teilchen:

ISPIEGEL ON LIN E WWISSENSCHAF

Tetraquark: td hop tao thanh tir 4 quark
ISNA

De LHCD heeft ‘t bevestigd: er bestaan exotische hadronen
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LHCb confirma la existencia de la particula

Z(4430) formada por cuatro quarks
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Interpretation WARWICK

29

®a What Z(4430)7 really is?

m Large decay width = strong decay

m cc state in final state = cc has to be also in initial state

m Charged, so cannot be conventional charmonia with cc only

m From Argand plot it behaves as resonance

m Often there are threshold effects (cusps) when new channels opens

m In case of Z(4430)" we are close to D —D); threshold
m Cusp would be S-wave effect, so would have J© =07, 1~ or 2~
a We find J© = 17 thus excluding threshold effect

m From all this all conventional explanations fail

m We have something “exotic” like tetraquark, molecule, ...

m If there is one “exotic” state, then there should be whole spectrum of
them, so lot of work ahead of us

m First natural choice to look for is neutral partner of Z(4430)*
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Conclusions WARWICK

m At LHCb we collected large samples of B decays
m Started to check various claims for new states

m Often those analyses are difficult as we want to do careful job

m We confirmed existence of Z(4430)*

m Belle and Babar had different conclusion due to lower statistics and
lower sensitivity of method at Babar

® We improved measurement of Z(4430)" properties

m Our date show proper resonance behaviour of Z(4430)"
m We exclude non-exotic interpretation of 7(4430)"

m Exotic spectroscopy is now fully open for new states
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